The work presents the results of tests on the shear parameters of walls made of AAC (autoclaved aerated concrete, f b = 4.0 N/mm 2 ) on the system mortar for thin M5 and M10 joints (f m = 6.1 N/mm 2 and f m = 11.9 N/mm 2 ) and on polyurethane glue and also walls without mortar (dry masonry). The wall compression strength (on mortar M5 class) (per EN 1052(per EN -1:2000 amounted to f c,mv = 2.97 N/mm 2 (f k = 2.48 N/mm 2 ), elastic modulus was E cm = 2,040 N/mm 2 . Various structure of bed joints and head joints were applied and the following were used as reinforcement: steel trusses of EFZ 140/Z 140 type (Z1 type) and meshes made of plastics (Z2 type). Based on the tests carried out with regard to unreinforced elements, it was shown that the filling in of head joints with mortar had an advantageous effect on the values of cracking and destruction stresses. While, with the use of reinforcement, advantageous increase of stress was obtained only when the mortar was laid twice on both bed surfaces of masonry units. The application of reinforcement in the bed joints when the mortar was laid only on one bed joints surface of the masonry units reduced the values of cracking and destruction stresses in relation to the values obtained in the unreinforced walls.
Introduction
The basic material applied in Poland for building walls is AAC (autoclaved aerated concrete) and ceramic elements. Both materials cover over 60% of the whole market of wall masonry elements. Most often, AAC is applied in residential construction, it is also widely used in industrial construction. Walls of the type of elements are also used as filling in of frame systems or they are applied in confined masonry. More and more often, metal and non-metallic reinforcement is applied in such structures due to the fact that the thickness of walls is reduced and reduces the risk of potential cracks. It is important, during to the design process, to know the basic parameters of the masonry not only made in traditional technology, but also with a different construction of joints and reinforcement. The purpose of tests carried out was to determine the initial shear strength f vo , the cracking τ cr and destruction shear stress τ u , strain angle Θ cr and deformation angle Θ u and shear modulus G as well. The indirect goal was the observation of behavior, way of cracking and damaging the test elements. To realize the planned purpose of the test, researches were divided into two series: the basic and general. A basic series was realized in accordance with EN 1052-3: 2002 [1] code while the general series conducted with according to American ASTM E519-81 code [2] . Studies in the past concerned AAC properties [3, 4] or concrete in a triaxial stress state [5] , also analyzed the properties of the wall compression [6] , or the effect of filling head joints on the compressive strength [7] . Occasionally, attempts were made to the impact of the vertical and horizontal reinforcement [8] , and reinforcement in the walls filled frames under cyclic loads [9] . However, a comprehensive comparative 
Materials

Masonry Elements, Mortar, Reinforcement and Wall
Test models used were made of blocks from AAC 
Test Models and Test Program
Test Stands and Test Program for the Basic Series
The tested models were composed of two wall elements joined with mineral mortar or polyurethane glue. When using the mineral mortar, models with the width equal to the wall thickness or two strips with the width of 50 mm each were made. The thickness of the mortar layer after laying in joints was each time equal to 3~4 mm. When the elements were joined with the use of polyurethane glue on the support surfaces, two stripes of glue were placed. A view of models while doing masonry work is presented in Fig. 1 . Models, after construction, were stored in the laboratory conditions at the temperature of +20 °C and air relative humidity of 70%~85%. Pursuant to the requirements of EN 1052-3:2004 [1] standard in terms of each type of mortar, nine elements were made. The test elements were marked with a capital letter S and additional capital letters M, MP and P which stood for the type of mortar applied. Apart from models joined with various types of mortar, additional S series was made in which no mortar was used (dry wall). The program of tests on initial shear strength of the wall is shown in Table 1 .
(a) (b) (c) Fig. 1 The performance of the elements of basic series: (a) models with thin bed joint; (b) models with the band joint; (c) models with the joint made of polyurethane glue.
Comparison Research of Bed Joints Construction and Bed Joints Reinforcement on
Shear Parameters of AAC Masonry Walls Table 1 The program of tests-basic series.
Series name
Number of elements Type of joint
SM
9
M5 mortar for thin-layer joints. Thin joint with the width equal to the wall width (t=180 mm).
SMP
9
M5 mortar for thin-layer joints (shell bedded masonry). Two strips with the width of 50 mm each.
SP
9
System polyurethane glue Because of the dimensions of the wall elements pursuant to EN 1052-3:2004 [1] in the tests on initial compression strength, test elements of B type were used. The samples are composed of two wall elements properly cut. The dimensions and shape of test elements are shown in Fig. 2. 
Test Models and Test Program for the Basic Series
All models made were characterized with the same dimensions and shapes. The length of the model was l = 1,180 mm, the height was h = 1,212 mm, and the thickness corresponded to the thickness of a single masonry units t = 180 mm (Fig. 3) .
Eleven series of test models were performed in terms of which from 3 to 6 test elements were examined. The given series were differentiated in terms of type of mortar, filling in of head joints or reinforcement applied. In the series marked as RL-S-N, 6 elements without reinforcement and filling in of head joints were made.
While in RL-S-NW series composed also of 6 elements, the head joints were filled. When reinforcement in the form of trusses was applied a series marked as RL-S-Z1 composed of 3 models and also 3 element series of RL-S-Z1W with filled in head joints were made. A series of elements reinforced with trusses were supplemented additionally with 3 elements in which double mortar laying on blocks was applied. In cases in which mesh made of plastics was applied, the procedure was similar while examining 2 three-element series marked as RL-S-Z2 and RL-S-Z2W with filled head joints. For the purposes of making elements, system mortar of M5 class was applied. While in two additional series marked as RL-S-N10 and RL-S-Z1-N10 systems, mortar of M10 class was applied. In RL-S-N10 series, a thin layer joint with the width equal to the wall thickness was made while in RL-S-Z1-N10 series with double mortar laying reinforcement in the form of trusses was applied. Additionally, a series of RL-S-NS elements was made in which two band joints were applied with the width of 50 mm and RL-S-NP series in which polyurethane glue was used instead of mineral mortar. A test program general series is included in Table 2 .
Test Stands and Testing Technique for the Basic Series
Tests were carried out in a specially constructed setup (Fig. 4) which allowed for the realization of vertical load (shearing) and compression load perpendicular to the bed joints. The stand was composed of a steel frame (4) (C profil 80), in which test element 1 was placed. The steel frame of the stand was used for inducing horizontal compression stresses perpendicular to the bed joints. The compression load was induced with the use of a hydraulic jack (3), while the compression force was measured with the use of a force gauge (2) with the range of 100 kN. The compression force was transmitted on the test element in the center of its weight through steel sheet metals and Teflon washer (7) . The frame with the test element was placed in the universal testing machine with the range of 3,000 kN, which was used for inducing shearing load (5) (8) with the range of 100 kN. The test specimens were placed on the bottom plate of the universal testing machine (6) each time on the steel cylinders with the diameter of 12 mm and steel sheet metals. The shearing load was induced on the wall element from the header of the press by two sheet metals separated with steel cylinders. As compression strength of wall elements f b < 10 N/mm 2 , the tests on initial shear strength were Table 2 The program of tests-general series. 
Series name
where, F p,i -value of initial compression load; A h -cross section area of test element (the units bed area). Apart from the automatic measurement of vertical and horizontal forces, the measurement of mutual dislocations of wall elements joined with mortar with the use of fixed from both sides displacement gauges (9) was carried out. The measurement was performed at the mid-length of the bed joint.
The highest load registered by the universal testing machine at which the displacement of the machine piston increased suddenly were treated as the breaking force F i,max at which for the given test element compression strength f voi was calculated as the quotient of load F i,max and area of bed surface A h from:
where, F i,max -value of maximum shearing force obtained for the nth test element.
Initial shear strengths f voi calculated for each test element were plotted on the diagram in the function of initial compression stresses f pi (Fig. 5 ). In the results obtained, a straight was plotted with the method of the 
Test Stand and Testing Technique for the General Series
Test elements 1 were placed in special steel sockets (2), so that one of the diagonals was set vertically and the arms of the steel fixing covered ca. 1/10 of the length (height) of the tested element. The sockets were equipped in cylindrical wrist joint which eliminated the influence of eccentricities which were formed by accident while loading. The test models equipped in steel fixing were placed on a cart (7) under the steel frame (6) and loaded by means of applying constant increment of the hydraulic jack piston (3), until the moment the element was damaged. The view of the test setup used for testing wall strength in the presence of oblique shearing is presented in Fig. 6 .
During the rests, the loading force was measured with the use of two combined force gauges (4) with the range of 100 kN each and horizontal and vertical displacements were also measured with the use of gauges (5). The displacement sensors were placed along two diagonals on both sides of the model, the measurement was performed on the base length amounting to 932 mm. The length of the base was selected pursuant to the guidelines of ASTM E519-81 standard so that they covered the greatest length of the diagonal.
At each registered force F i (at the nth level of load), the value of average contact stresses τ v,i was calculated as the quotient of load F i and area of the wall cross section (along the diagonal) A h from:
where, F i = vertical force at the nth level of load; t = 180 mm wall thickness; l = 1,180 mm wall length, h = 1,212 mm wall height.
The strain angle Θ i and shear modulus G i was determined in the function of load
where, x, y-length of the model diagonals in the perpendicular and parallel direction to the force, Θ-strain angle; Δx, Δy-increment of the model diagonal lengths; G-shear modulus. 
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The values of cracking stresses τ cr and corresponding to them angles Θ cr and shear modulus G cr were determined for the cracking forces F cr , at which the appearance of new cracks with the width of 0.1 mm was observed. While the destruction stresses τ u and strain angles Θ u were determined at the forces which caused model damage (the further increase of loads with the increase of wall strain angle was not registered). Table 3 shows the results of the tests on strength parameters for all examined element series. In the basic case when thin layer joint was applied with the width (SM series models) equal to the wall thickness, the value of initial shear strength amounted to f vo = 0.31 N/mm 2 , and the characteristic strength determined based on the above was f vok = 0.24 N/mm 2 .
Test Results
Test Results of the Tests of the Basic Series
The value of the internal friction angle was α = 32°. 
Comparison Research of Bed Joints Construction and Bed Joints Reinforcement on Shear Parameters of AAC Masonry Walls
1337
is shown in Table 4 . Fig. 7 shows the comparison of test results and a straight drawn based on dependence which determined the shear strength per PN-EN 1996-1-1:2013. The initial shearing strength obtained in the tests was in all series of elements smaller than the Polish code value. In case of joint with the width equal to the wall thickness, the difference was only 4% while in case of joints on polyurethane glue, it was over 12%. The maximum increase of the internal friction angle 
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amounting to 85% was obtained in case of elements in which no mortar was applied, in case of joints made of mortar with the width equal to the wall thickness, it was 25%. Models with the joint made of polyurethane glue characterized with the smallest friction coefficient value which, however was 8% higher than the standard value.
Test Results of the Tests of the General Series
The damage of all the reinforced and unreinforced test elements in which single laid mortar was applied in bed joints was of sudden character, it means that while loading no cracks visible on the wall surface appeared, only single and not very intensive crackles were heard. The damage of the specimens with bed joints width equal to the wall width, shell bedded masonry and masonry on system polyurethane glue were similar. The destruction of the elements was based on the loss of adhesion between the masonry units and mortar in the bed joints and cracking in the central area of the wall. (Fig. 8a) . In the elements in which head joints were filled in, cracks in the wall region were also observed (Fig. 8b) . The elements with the reinforcement (trusses and meshes) in which the mortar applying only on single bed surface of masonry units behaved just like unreinforced specimens with unfilled head joints. The loss of adhesion occurred at the interface of the reinforcement and masonry units (Figs. 8c and 8d) .
In the reinforced models in which mortar was laid on the bed joint and on the support surfaces of the masonry units (double mortar laying), the character of damage changed. First cracks of the wall elements in the central wall area were formed and then with the load increase, the secondary loss of adhesion between the wall elements and mortar took place (Fig. 9) .
In all the elements on M5 and M10 mineral mortars until the time of cracking, the strain angles changed proportionally to stresses. Generally after cracking, the element was damaged without the increase of strain angles. The exception were the elements of RL-S-Z1-4, RL-S-Z1-5, RL-S-Z1-6 series in which the reinforcement was laid in double mortar laying was applied. After cracking the increase of strain angles took place and then reinforcement and damage. Table 5 shows the average results of stresses in the moment of cracking τ cr,mv and destruction τ u,mv , strain angles in the time of cracking Θ cr,mv and destruction Θ u,mv and shear modulus G cr,mv as well. In the models with thin bed joint from M5 mortar with the thickness equal to the wall width, in the time of cracking, average stresses amounted to τ cr,mv = 0.192 N/mm 2 while in other unreinforced and reinforced (single mortar laying) series, the stresses were smaller. The exceptions were models in which head joints were filled in, both with and without the reinforcement. Example of cracking patterns of specimens reinforced with truss reinforcement with the double mortar laying. Distinctly differentiated deformability of the walls meant that the shear modules shear G cr,mv was clearly different. The walls of the in thin mortar joints M5 had a module equal to G cr,mv = 329 N/mm 2 . Only if the walls of the polyurethane glue were obtained less than 60% modulus value, in all other series modulus are comparable or greater. At the time of the destruction of the greatest deformation angle characterized by elements which were applicable truss reinforcement in double mortar laying of obtaining Θ u,mv = 3.767 mrad.
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A little smaller results were obtained using mortar class M10 (Θ u,mv = 3.282 mrad). Fig. 10a shows a collective comparison of test results in the form of stress values in the moment of cracking and breaking while Fig. 10b shows collective values of strain angles in the moment of cracking and breaking. Fig. 10c presents the values of shear modulus of all tested models.
The tests showed that regardless of the class applied and way of laying mortar, the cracking and damage process was of sudden character related to the loss of adhesion between the wall elements and mortar. The exceptions were the elements reinforced with trusses in which mortar laid in bed joints and on the face surfaces of masonry units was applied. Then first cracks of wall elements appeared and then cracks of bed joints and head joints. The application of reinforcement in the bed joints when the mortar was laid only on one bed surface of the wall elements reduces the values of cracking and breaking stresses in relation to the values obtained in the unreinforced walls. The increase of the values of cracking and destruction stresses as well as shear modulus in the reinforced walls was present only when filled in head joints were applied. The most advantageous type of reinforcement was trusses in case of which ca. 50% increase of cracking and breaking stresses was obtained. The advantageous impact of reinforcement on strength parameters was achieved only when the mortar was laid twice on both support surfaces of wall elements.
Summary
Based on the tests of the basic series carried out, it was stated that:
  when band joints were used, the characteristic initial shear strength amounted to 0.11 N/mm 2 , and it was over 54% smaller than the standard value;
 in the models in which elements were joined with polyurethane glue, the characteristic initial shear strength was 12% smaller than the standard value applied with regard to walls on mineral mortar;  in relation to the internal friction angle of the mortar in the joint 0.8tgα, the values achieved in the tests were greater than recommended in the standard 0.8tgα = 0.4. The maximum increase of the internal friction angle was achieved in case of elements without mortar and the smallest in the elements with band joints. One can also draw general conclusions based on the general series tests carried out:
 the performance of head joints in with mortar has a beneficial effect on the values of cracking and destruction stresses. It also limits the shape distortions while cracking;
 application of reinforcement in the bed joints when mortar is laid only on one support surface of wall elements has a disadvantageous effect on the values of cracking and destruction stresses;
 the advantageous impact of reinforcement on strength parameters was achieved only when the mortar was laid on both bed surfaces of masonry units;
 the application of mortar of double strength did not cause the proportional increase of the values of cracking and breaking stresses with regard to the elements made on the mortar of lower class.
